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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for forming a 
boron phosphide buffer layer which readily and stably provides 
a continuous boron phosphide base crystal layer on a crystal 
substrate with unified crystal orientation. 
SOLUTION: The boron phosphide buffer layer is formed by a 
first process for growing a film, whose main constituent is 
boron, by chemical vapor deposition, while making a boron 
source flow to the surface o the crystal substrate whose 
temperature is maintained at a first temperature T1 (where 
250° C<T1<750*' C), and a second process for making 
phosphorus infiltrate the film whose main constituent is boron 
at a second temperature T2 (wherein T1 <T2<1 ,200** 0) and 
under an atmosphere containing a phosphorus source. 
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♦ NOTICES * 

JPO and NCiPl are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
S.In the drawings, any words are not translated. 



CLAIMS 

[Glaim(s)] 

[Claim 1] By the vapor growth which makes the compound containing boron (B) the source of boron, and 
makes the compound containing Lynn (P) the source of Lynn In the manufacture approach of the Lynn-ized 
boron system semi-conductor layer which carries out sequential formation of the buffer coat (Lynn-ized boron 
buffer coat) which consists of Lynn-ized boron on the front face of a crystal substrate, and the Lynn-ized 
boron system crystal layer which uses boron and Lynn as a configuration element The 1 st process to which 
the front face of a crystal substrate is made to carry out vapor growth of the coat which the source of boron 
is circulated on the front face of the crystal substrate held at the 1st temperature T1 (however, 250 degree- 
C<=T1 <=750 degree C), and makes boron a subject, The temperature of a crystal substrate then, within an 
ambient atmosphere including the source of Lynn as the 2nd temperature T2 (however, T1 <=T2 <=1200 
degree C) The manufacture approach of the Lynn-ized boron system semi-conductor layer characterized by 
forming the Lynn-ized boron buffer coat on the front face of a crystal substrate via the 2nd process which 
makes Lynn permeate the coat which makes said boron a subject. 

[Claim 2] The manufacture approach of the Lynn-ized boron system semi-conductor layer according to claim 

1 characterized by including the 3rd process which maintains the temperature of a crystal substrate 2nd more 
than temperature T2, and heat-treats to the Lynn-ized boron buffer coat within the ambient atmosphere 
which includes the source of Lynn after the 2nd process. 

[Claim 3] The manufacture approach of the Lynn-ized boron system semi-conductor layer according to claim 

2 characterized by circulating the both sides of the source of boron, and the source of Lynn to coincidence, 
and including the 4th process which carries out vapor growth of the Lynn-ized boron system crystal layer on 
the Lynn-ized boron buffer coat. 

[Claim 4] The manufacture approach of the Lynn-ized boron system semi-conductor layer according to claim 

3 characterized by performing the coat which makes boron a subject for the 2nd, 3rd, and 4th process on the 
front face of a crystal substrate in the 1st process with the same vapor growth equipment as having carried 
out vapor growth. 

[Claim 5] The manufacture approach of the Lynn-ized boron system semi-conductor layer according to claim 

4 characterized by starting supply of the source of Lynn to an ambient atmosphere, and starting the 2nd 
process at the same time it stops circulation of the source of boron to the front face of a crystal substrate 
and terminates the 1 st process. 

[Claim 6] The manufacture approach of the Lynn-ized boron system semi-conductor layer given in claim 1 to 
which thickness of the coat which makes boron a subject is characterized by Inm or more being lOOnm or less 
thru/or any 1 term of 5. 

[Claim 7] The manufacture approach of the Lynn-ized boron system semi-conductor layer given in claim 1 
characterized by performing the 2nd process in the ambient atmosphere which makes the rate of a volume 
ratio of the source of Lynn 3% or more thru/or any 1 term of 6. 

[Claim 8] The manufacture approach of the Lynn-ized boron system semi-conductor layer given in claim 2 
characterized by heat-treating the Lynn-ized boron buffer coat for [ for / 5 minutes / - ] 40 minutes at the 
3rd process thru/or any 1 term of 5. 

[Claim 9] The manufacture approach of the Lynn-ized boron system semi-conductor layer given in claim 1 

characterized by using a silicon (Si) single crystal as a crystal substrate thru/or any 1 term of 8. 

[Claim 10] The Lynn-ized boron system semi-conductor layer manufactured by the manufacture approach of 

the Lynn-ized boron system semi-conductor layer a publication in claim 1 thru/or any 1 term of 9. 

[Claim 1 1] The Lynn-ized boron system semiconductor device which comes to have the Lynn-ized boron 

system semi-conductor layer according to claim 10. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] the manufacture approach of the Lynn-ized boron system semi-conductor layer which 
carries out sequential formation of the buffer coat (Lynn-ized boron buffer coat) to which this invention 
consists of Lynn-ized boron on the front face of a crystal substrate, and the Lynn-ized boron system crystal 
layer which uses boron and Lynn as a configuration element — starting — especially, drawing — it is related 
with the technique for carrying out vapor growth of the Lynn-ized boron system crystal layer which has 
orientation bearing [ one ]. 
[0002] 

[Description of the Prior Art] Conventionally, since various semiconductor devices are constituted, the Lynn- 
ized boron system semi-conductor layer which uses boron (B) and Lynn (P) as a configuration element is used. 
For example, the semi-conductor layer which consists of Lynn-ized boron (BP) of a monomer typical as a 
Lynn-ized boron system semi-conductor is used for constituting n form base (base) layer of a npn mold 
hetero-bipolar transistor (HBT) (J. refer to Electrochem.Soc, 125 (4) and (1978), and 633 - 637 pages). 
Moreover, it is in a blue laser diode (LD), and is used as a contact (contact) layer for forming the low ohmic 
(Ohmic) electrode of contact resistance (refer to JP,10-242567,A). Moreover, it is used as a buffer coat for 
constituting the light emitting diode (LED) which brings about luminescence of short wavelength, such as near- 
ultraviolet or blue, (refer to U.S. Pat. No. 6.069.021 number). 

[0003] The Lynn-ized boron system semi-conductor layer for constituting a semiconductor device is 
conventionally formed by the vapor growth means like the above, the halogen (halogen) vapor growth ("a 
Japanese crystal growth society magazine" — ) which uses boron trichloride (BCI3) and a phosphorus 
trichloride (PCI3) as a start raw material from the former at a vapor growth means the hydride (hydride) vapor 
growth (J. — Crystal Growth — 24/25 (1974)) which uses VoL24, to refer to the No. 2 (1997) or 150 page, 
borane (BH3) or diboron hexahydride (B-2 H6), a phosphine (PH3), etc. as a raw material refer to the 193-196 
page and a molecular beam epitaxy (J, — Solid State Chem. and 133 (1997) — ) refer to the 269-272 page and 
organic metal chemical gaseous-phase deposition (MOCVD) — law (Inst.Phys.Conf.Ser. and No.129 (refer to 
lOPPublishing Ltd. (UK. 1993) and 157-162 pages) can be illustrated.) 

[0004] it faces carrying out vapor growth of the Lynn-ized boron system semi-conductor layer, and it appears 
in a substrate to use the single crystal of a semiconductor material chiefly. Before, single crystals, such as a 
silicon (Si) single crystal (silicon) (refer to above-mentioned **J.EIectrochem.Soc., 125 (1978), and ** U.S. 
Pat. No. 6,069,021 number), silicon carbide (SiC) (refer to JP,10-242569,A), gallium phosphide (GaP) (refer to 
JP,10-242568,A), and gallium nitride (GaN) (refer to JP,1 0-247 745,A), are used as a practical substrate. 
However, for example, the lattice constant of a silicon single crystal is 5.431 A. and it of BP of a sphalerite 
mold is 4.538A (refer to the Teramoto "semiconductor device introduction" (March 30. 1995, Baifukan 

Issue First edition), and 28 pages), therefore, whenever [ lattice mismatch ] size— came with about 16.5%, and is 
boiled and attained (refer to the Shono Katsufusa work, ''semiconductor technology (above)" (June 25, 1992, 
University of Tokyo Press issue 9 **), and 97 - 98 pages). 
[0005] 

[Problem(s) to be Solved by the Invention] Thus, on the crystal substrate which makes whenever [ lattice 
mismatch ] size, the Lynn-ized boron system semi-conductor layer has Mr. Volmer-Weber s growth format, 
and causes island-shape growth (refer to the volume Japan Society of Applied Physics thin films and for 
surface physics subcommittees, a "thin film production handbook" (March 25, 1991, the 1st ** of the 
KYORITSU SHUPPAN Co., Ltd. issue first edition), and 59 pages). In island-shape growth, orientation of each 
growth island is not necessarily uniformly carried out along with fixed crystal orientation. For this reason, the 
Lynn-ized boron system semi-conductor layer which progresses considering a growth island as a growth 
nucleus also has a fault used as the heterogeneous thing which consists of crystallines of a disorderly stacking 
tendency. Or since the cause of the island-shape Stranski-Krastanov format-like (refer to above-mentioned 
"thin film production handbook" and 59 pages) growth is carried out, trouble has been caused to that the 
Lynn-ized boron system semi-conductor layer with the continuity which is excellent in surface surface 
smoothness may be stabilized. 

[0006] If there is a vapor growth means effective in offering the Lynn-ized boron system semi-conductor layer 
which comes to have the crystalline of a uniform stacking tendency, using it. a normal pn junction property can 
be manifested itself and LED with low forward voltage (the so-called Vf) and LD with low threshold voltage 
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(the so-called Vth) can be offered simple. Especially in this invention, the formation approach of the LynnHzed 
boron buffer coat for hanging down the Lynn-ized boron system crystal layer with the continuity which has 
uniform crystal-face bearing on the crystal substrate which makes whenever [ lattice mismatch ] size, even if 
stabilized simple is offered. Moreover, the Lynn-ized boron system semiconductor device constituted in the 
buffer coat list using the LynnHzed boron system crystal layer is offered. 
[0007] 

[Means for Solving the Problem] By namely, the vapor growth which this invention makes the compound 
containing (1) boron (B) the source of boron, and makes the compound containing Lynn (P) the source of Lynn 
In the manufacture approach of the Lynn-ized boron system semi-conductor layer which carries out 
sequential formation of the buffer coat (Lynn-ized boron buffer coat) which consists of Lynn-ized boron on 
the front face of a crystal substrate, and the Lynn-ized boron system crystal layer which uses boron and Lynn 
as a configuration element The 1 st process to which the front face of a crystal substrate is made to carry out 
vapor growth of the coat which the source of boron is circulated on the front face of the crystal substrate 
held at the 1st temperature T1 (however, 250 degree-C<=T1 <=750 degree C), and makes boron a subject. 
The temperature of a crystal substrate then, within an ambient atmosphere including the source of Lynn as 
the 2nd temperature T2 (however, T1 <=T2 <=1200 degree C) The manufacture approach of the Lynn-ized 
boron system semi-conductor layer characterized by forming the Lynn-ized boron buffer coat on the front 
face of a crystal substrate via the 2nd process which makes Lynn permeate the coat which makes said boron 
a subject. 

(2) The manufacture approach of the Lynn-ized boron system semi-conductor layer given in the above (1) 
characterized by including the 3rd process which maintains the temperature of a crystal substrate 2nd more 
than temperature T2, and heat-treats to the Lynn-ized boron buffer coat within the ambient atmosphere 
which includes the source of Lynn after the 2nd process. 

(3) The manufacture approach of the Lynn-ized boron system semi-conductor layer given in the above (2) 
characterized by circulating the both sides of the source of boron, and the source of Lynn to coincidence, and 
including the 4th process which carries out vapor growth of the Lynn-ized boron system crystal layer on the 
Lynn-ized boron buffer coat. 

(4) The manufacture approach of the Lynn-ized boron system semi-conductor layer given in the above (3) 
characterized by performing the coat which makes boron a subject for the 2nd, 3rd, and 4th process on the 
front face of a crystal substrate in the 1st process with the same vapor growth equipment as having carried 
out vapor growth. 

(5) The manufacture approach of the Lynn-ized boron system semi-conductor layer given in the above (4) 
characterized by starting supply of the source of Lynn to an ambient atmosphere, and starting the 2nd 
process at the same time it stops circulation of the source of boron to the front face of a crystal substrate 
and terminates the 1 st process. 

(6) The above (1) to which thickness of the coat which makes boron a subject is characterized by Inm or 
more being lOOnm or less thru/or the manufacture approach of the Lynn-ized boron system semi-conductor 
layer given in any 1 term of (5). 

(7) The above (1) characterized by performing the 2nd process in the ambient atmosphere which makes the 
rate of a volume ratio of the source of Lynn 3% or more thru/or the manufacture approach of the Lynn-ized 
boron system semi-conductor layer given in any 1 term of (6). 

(8) The above (2) characterized by heat-treating the Lynn-ized boron buffer coat for [ for / 5 minutes / - ] 
40 minutes at the 3rd process thru/or the manufacture approach of the Lynn-ized boron system semi- 
conductor layer given in any 1 term of (5). 

(9) The above (1) characterized by using a silicon (Si) single crystal as a crystal substrate thru/or the 
manufacture approach of the Lynn-ized boron system semi-conductor layer given in any 1 term of (8). 
It comes out. 

[0008] Moreover, this invention is the Lynn-ized boron system semi-conductor layer manufactured by the 
manufacture approach of the Lynn-ized boron system semi-conductor layer (10) above (1) thru/or given in 
any 1 term of (9). 

(11) The Lynn-ized boron system semiconductor device which comes to prepare the Lynn-ized boron system 
semi-conductor layer of a publication for the above (10). 
It comes out. 
[0009] 

[Embodiment of the Invention] In the manufacture approach of the Lynn-ized boron system semi-conductor 
layer of this invention, the 1st process is a process for forming in the front face of a crystal substrate the 
coat which is made to carry out the pyrolysis of the source of boron which consists of a compound containing 
boron, and makes boron a subject. As a source of boron, organic boron compounds, such as boron hydrides, 
such as halogenation boron compounds, such as boron trichloride (BC13) and three bromine chlorides (BBr3). 
borane (BH3). or diboron hexahydride (B-2 H6). or boron triethyl (C2H5) (3B). can be illustrated. It supplies 
towards the front face of the crystal substrate which had these sources of boron heated, and the coat which 
was made to put the boron emitted by the pyrolysis of the source of boron on a crystal substrate, and made 
boron the subject is formed. The elements or decomposition products other than the boron which was based 
on the pyrolysis of the source of boron and was generated may be included in a coat. For example, on the coat 
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formed as a source of boron, carbon (C) or hydrogen (H) may contain 3(C2H5) B in addition to boron. The coat 
which makes boron a subject is a coat which makes the weight content of boron 80% or more. It is suitable for 
formation of the coat which makes boron a subject to hold the temperature of a crystal substrate at 250 
degrees C or more. For it being stabilized and forming the coat which the pyrolysis of the source of boron 
does not fully advance, but makes boron a subject at the temperature of less than 250 degrees C, it is 
inconvenient. Moreover, at the elevated temperature exceeding 750 degrees C, condensation of the boron 
which constitutes a coat takes place notably, and the coat of the shape of a semi-sphere which makes boron 
a subject causes the condition that it is scattered on the front face of a crystal substrate in island shape. For 
this reason, difficulty is caused to obtaining the Lynn-ized boron system crystal layer which is continuous at 
the 4th process which does not come to cover the front face of a crystal substrate with the coat which makes 
boron a subject to homogeneity, and mentions it later with it to it. That is, it is in the 1 st process which forms 
the coat which makes boron a subject, and the suitable temperature T1 (degree C) becomes 250 degree- 
C<=T1 <=750 degree C. 

[0010] In the 1st process, although the coat which makes boron a subject can be formed using two or more 
sorts of sources of boron, it can form a coat for the source of boron individually, then simple, and is 
convenience. Sources of boron, such as 3B which Is a liquid at a room temperature (C2H5), can be supplied in 
the vapor growth equipment for making it accompany to gases for foaming (bubbling), such as hydrogen, and 
forming a coat. For example, the thickness of a coat will be increased, if the flow rate of the gas for foaming in 
the source of boron is made to increase when supplying 3(C2H5) B maintained to constant temperature in 
fixed time amount and vapor growth equipment and forming a coat. (C2H5) If it is made to mix with 
conveyance (carrier) gas and the gas which accompanies the steam of sources of boron, such as 3B, is 
circulated further, it is stabilized without an intermission by the Interior of vapor growth equipment, and the 
source of boron can be supplied. Simple substance gas, such as an argon (Ar), can be used for a conveyance 
gas at hydrogen (H2) and a nitrogen (N2) list. As for the thickness of a coat, it is desirable to be referred to as 
lOOnm or less by 1nm or more. In a less than Inm **** thin film, the coat which makes boron a subject serves 
as trouble obtaining the Lynn-ized boron system crystal layer which does not come to cover the front face of 
a crystal substrate uniformly enough, and covers the front face of a crystal substrate with the 4th process 
uniformly. Moreover, in the thick film with which the thickness of a coat exceeds 100nm, since It Is inferior to 
surface surface smoothness, difficulty Is caused to obtaining the Lynn-ized boron system crystal layer which 
makes a front face flat and makes thickness uniform in the 4th process. Moreover, If thickness is used as the 
thick film further exceeding about 200nm. it may produce un-arranging [ for which the coat which makes boron 
a subject exfoliates ] from a crystal substrate. The still more suitable thickness of the coat which makes boron 
a subject Is about 5nm - about 50nm generally. 

[0011] The 2nd process is a process for making the coat which heat the coat which makes a subject the boron 
formed on the front face of a crystal substrate at the 1 st process within an ambient atmosphere including the 
source of Lynn, and Lynn is made to permeate the Interior of a coat, and makes boron a subject convert into 
the buffer coat which consists of Lynn-ized boron. As a source of Lynn, the Lynn hydrides, such as 
halogenation phosphorus compounds, such as a phosphorus trichloride (PCI3) and phosphorus tribromide 
(PBr3), and a phosphlne (PH3), or an organic phosphorous compound can be Illustrated. The phosphorus 
compounds containing oxygen (O) exert the oxidation on the boron which constitutes a coat actively, or Lynn 
which permeated the coat, and since they bring about the sludge which consists of an oxide, they cannot 
change with the desirable source of Lynn. Although only the source of Lynn can be circulated and an ambient 
atmosphere can also be constituted, if the source of Lynn is circulated with the above-mentioned carrier gas. 
the ambient atmosphere in which the concentration of the source of Lynn was adjusted can be created, for 
example. For example, the ambient atmosphere which circulates the mixed gas of the hydrogen of PH3 and 
carrier gas Inside the vapor growth equipment which formed the coat In the 1st process, and includes the 
source of Lynn inside is constituted. In this case, if the temperature which performs the 2nd process is taken 
into consideration, when the rate of a volume ratio of the source of Lynn in the mixed gas of an ambient 
atmosphere will be made into 3% or more, it is made to permeate efficiently the coat which makes boron a 
subject In Lynn, the amount of Lynn which exists in a coat — for example, secondary ion mass analysis (SIMS) 
— a quantum can be carried out by elemental-analysis methods, such as law, and Auger electron 
spectroscopy (AES), an electron ray probe (probe) X-ray analysis, 

[0012] From the temperature (the 1st temperature T1) of the crystal substrate in the 1st process, the 
temperature (the 2nd temperature T2) of the crystal substrate in the 2nd process is an elevated temperature, 
and is made into the temperature of 1200 degrees C or less. At the elevated temperature exceeding 1200 
degrees C, generating of the Lynn-ized boron polymer of the B13P2 grade of the rhombohedron crystal 
structure is caused (J. refer to Am. Ceramic Soc, 47 (1) and (1964), and 44 - 46 pages), and It becomes 
inconvenient for obtaining the crystalline equal Lynn-ized boron system crystal layer as the upper layer, for 
example. It becomes impossible to, emit efficiently Lynn which makes boron permeate the coat which becomes 
as a subject since the pyrolysis of the source of Lynn does not fully advance at the temperature below T1 
(250 degree-C<=T1 <=750 degree C) on the other hand, and Is inconvenient. Therefore, the range of the 2nd 
temperature T2 (degree C) which becomes suitable at the 2nd process Is Tl <=T2 <=1200 degree C. When the 
halogenation phosphorus compounds of PCI3 grade are used as a source of Lynn, it is based on the halogenide 
generated in a pyrolysis. and the coat which becomes considering boron as a subject may be etched (etching). 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



06/04/10 



JP.2003-303779,A [DETAILED DESCRIPTION] 



4/10 V 



Since etching becomes remarkable so that it is an elevated temperature, in case halogenatlon phosphorus 
compounds are made into the source of Lynn, as for the 2nd temperature in the 2nd process, it is desirable to 
set it as low temperature comparatively within the limits of [ suitable ] the above. That is, it is desirable to 
consider as 950 degrees C or less in general. When the etching based on the source of Lynn does not occur, 
the thickness of the Lynn-ized boron layer obtained after ending the 2nd process serves as the thickness of a 
coat and the abbreviation EQC which make a subject the boron formed at the 1st process. 
[0013] As a good example of the 1st operation gestalt of this invention, as the 1st process, boron triethyl 
(C2H5) (3B) is used for the source of boron, and the 1st temperature T1 is made into 450 degrees C. Within 
MOCVD growth equipment Vapor growth of the coat which consists of boron which sets thickness to about 
20nm on the front face of the silicon single crystal substrate ({1 1 1}-silicon single crystal substrate) which has 
the {1 1 1) crystal faces is carried out. After that as the 2nd process The technique of forming the Lynn-ized 
boron layer via the process which makes Lynn permeate the coat which consists of the above-mentioned 
boron, carrying out the temperature up of the temperature of a substrate to 1050 degrees C which is the 2nd 
temperature (= T2) from 450 degrees C in the hydrogen ambient atmosphere which makes it volume 
percentage and contains 6% of phosphlne (PH3) can be mentioned. The Lynn-ized boron layer formed through 
the 1st and 2nd processes can act as a buffer coat effective in bringing about the upper layer which eases a 
lattice mismatch with a crystal substrate and is excellent in crystallinity. This buffer coat acts as a buffer coat 
which can also hang down the Lynn-ized boron system crystal layer which excelled further the low- 
temperature buffer coat (refer to the above-mentioned U.S. Pat. No. 6,069,021 number) to which the front 
face of a crystal substrate was made to supply collectively and carry out vapor growth of the conventional 
source of boron and the conventional source of Lynn in surface surface smoothness. Moreover, the operation 
which brings about the Lynn-ized boron system crystal layer which consists of the crystal face of uniform 
crystal orientation as the upper layer is demonstrated. 

[0014] After forming the Lynn-ized boron buffer coat which acts effectively as a buffer coat via the 1st and 
2nd above-mentioned processes, moreover, it can make with the buffer coat with the uniform Lynn 
presentation of this Lynn-ized boron buffer coat to which the stacking tendency was equal by heatH:reating 
within an ambient atmosphere including the source of Lynn further (anneal). At low temperature, in order for 
the pyrolysis of the source of Lynn not to fully advance and to attract generating of the Lynn-ized boron 
polymer at an elevated temperature, it is suitable to carry out heat treatment temperature to more than the 
2nd temperature T2 (however, T1 <=T2 <=1200 degree C). The ambient atmosphere needs to contain the 
source of Lynn of the partial pressure exceeding the pressure of the Lynn molecule dissociated from Lynn- 
ized boron at least in the temperature which performs the heat treatment. The dissociation pressure (P; unit 
hPa) of Lynn-ized boron sets temperature to T (unit: K), and it is supposed that it is asked from the relational 
expression (1) of degree account (J, refer to Am.Chem.Soc, 82 (1960), and 1330-1332 pages). 
logP=-(1 3.7x1 03/T)+1 0.2 Relational expression (1) 

The effectiveness of equalization of the presentation which depends on heat treatment, or uniformalization of 
a stacking tendency may be attained also about the Lynn-ized boron of a presentation out of balance to the 
stoichiometric which does not balance in equivalent. 

[0015] As a good example of the 2nd operation gestalt of this invention, it goes through the 1st and 2nd 
processes, and the technique of performing heat treatment over for 15 minutes in the ambient atmosphere 
which consists of mixed gas of PH3 and Ar which makes it volume percentage and contains 10% of PH3 at the 
same 950 degrees C as the 2nd temperature of the 2nd process can be mentioned in the 3rd process to the 
buffer coat which consists of formed Lynn-ized boron. The effectiveness which depends on heat treatment 
depends on carrying out heat treatment temperature to beyond the 2nd [ of the 2nd process ] temperature, 
and can be discovered notably. However, heat treatment in the elevated temperature exceeding 1200 degrees 
C is not desirable in order to bring about the heterogeneous Lynn-ized boron buffer coat which causes 
generating of the polymer of B13P2 grade, and is different in a crystal mold despite a join office. As heat 
treatment time amount of the 3rd process, it is suitable to consider as for [ for / about 5 minutes / - ] 40 
minutes. Heat treatment concerning the 3rd process is not limited to a means to hold [ fixed time amount ] to 
fixed temperature. For example, there is also a temperature up or the technique of heat-treating to 
temperature more nearly another than a certain temperature T2, lowering the temperature. After ending the 
2nd process as another example of the 2nd operation gestalt of this invention, using the 2nd temperature as 
900 degrees C, in the ambient atmosphere which consists of mixed gas of PH3 and N2 which makes it volume 
percentage and contains 8% of PH3. the temperature up of the temperature of the Lynn-ized boron buffer 
coat is carried out at the rate of 20 degrees C/m to 1 100 degrees C, and the technique of heat-treating for 
10 minutes can be mentioned. The temperature up in a rapid rate or a temperature fall will introduce a thermal 
strain into a buffer coat on the contrary. On the contrary, the temperature up in a slow rate or a temperature 
fall Increases the opportunity of volatilization of Lynn from a buffer coat to **, and promotes disorderly- 
izatipn of the front face of the buffer coat based on deviation of Lynn. The temperature up or temperature fall 
rate which becomes suitable to eliminate such a problem is in the range of about 50 degrees 0 per minute 
from about 10 degrees C per minute generally. 

[0016] Like the above, the Lynn-ized boron layer formed via the 1st and 2nd processes can be effectively 
used as a buffer coat which eases a lattice mismatch with a crystal substrate. Therefore, on this buffer coat, 
the Lynn-ized boron system crystal layer which makes crystallinity with few crystal defects good is grown up. 
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for example. BalphaaluminumbetaGagammalnl -alpha-beta-gamma PI-deltaAsdelta (0< alpha<=1, 0<=beta<1. 
0<=gamma<1, 0< alpha+beta+gamma <=1, 0<=delta<1) which includes boron and Lynn as a configuration 
element with the Lynn-ized boron system crystal layer — moreover — for example It is 
BalphaaluminumbetaGagammalnl -alpha-beta-gamma PI-deltaNdelta (0< alpha<=1. 0<=beta<1. 0<=gamma<1. 
0< alpha+beta+gamma <=1, 0<=delta<1). In order to use as stratum functional for constituting a 
semiconductor device, it is suitable for these Lynn-ized boron system crystal layers to stoichiometric that 
balance can be taken. Therefore, unlike the case where vapor growth of the Lynn-ized boron buffer coat is 
carried out in the 1st process, the Lynn-ized boron system crystal layer circulates to coincidence, and forms 
the both sides of the source of boron, and the source of Lynn on the Lynn-ized boron buffer coat, while 
circulating 3(C2H5) B, trimethylgallium (CH3) (3Ga), and PH3 in parallel to a Lynn-ized boron (BP) buffer coat 
top as the 4th process as an example of the 3rd operation gestalt of this invention — MOCVD — the example 
to which it depends on law and vapor growth of the BXGa1-XP (0<=X<=1) layer of a indirect transition mold is 
carried out can be given. 

[0017] After suspending supply of the source of boron and terminating formation of the coat which makes 
boron a subject at the 1st process, the source of Lynn is supplied to an alternative, and if it carries out to 
advancing the 2nd process succeedingly, in the same vapor growth equipment, vapor growth of the Lynn-ized 
boron buffer coat will be carried out simple. If it depends on this technique, since it can shift to the 2nd 
process, without putting the coat which makes boron a subject after ending the 1st process to atmospheric 
air, it is based on formation of a boron oxide and can prevent that the smooth nature on the front face of a 
coat is spoiled, for example. Moreover, if the 3rd and 4th processes are carried out with the same vapor 
growth equipment following on the 2nd process, there is an advantage which can carry out simply the 2nd, 3rd, 
and 4th processes without an intermission, moreover, the source of boron same at the process from the 1st to 
the 4th and the source of Lynn — the thing of ********** — the Lynn-ized boron system semi-conductor 
layer can be formed simple. As a good example of the 4th operation gestalt of this invention, the case where 
the 1st, 2nd, 3rd, and 4th processes are carried out for diboron hexahydride (B-2 H6) and a phosphine (PH3) 
within the same hydride vapor growth equipment as a common raw material can be mentioned. 
[0018] Supply of the source of boron which used boron for the formation of a coat made into a subject at the 
1st process is suspended, and carrying out a temperature up to the 2nd temperature for the 2nd process, 
shortly after combining and starting supply of the source of Lynn, the Lynn-ized boron buffer coat which gives 
the Lynn-ized boron system crystal layer which makes crystal-face bearing uniform can be constituted. The 
crystal layer which becomes uniform especially from the same crystal face as the crystal face of a crystal 
substrate front face is obtained. For example, the Lynn-ized boron buffer coat which can also hang down the 
Lynn-ized boron system crystal layer which becomes uniform from the {111} crystal faces on a {1 1 1}-silicon 
single crystal substrate can be offered. If spacing of the long duration which will exceed for about 1 minute by 
the time it starts supply of the source of Lynn is prepared after suspending supply of the source of boron 
used for the 1st process, the Lynn-ized boron buffer coat which sometimes gives the Lynn-ized boron system 
crystal layer in which the crystal which is different in crystal-face bearing is intermingled may be concluded. 
This is considered that it originates in generating of the polygon configuration formed when supply of the 
source of boron is suspended and a coat is left within the ambient atmosphere of only carrier gas for a time, 
or a spherical boron object, the situation of generating of such a spherical boron object can be grasped in the 
publication already exhibited (J. — Solid State Ghem.. 133 (1997), and 314-321 pages — it is — especially — 
nG.2 of 316-page printing). While suspending supply of the source of boron of 3(C2H5) B used at the 1st 
process as an example of the 5th operation gestalt of this invention, it supplies in the MOCVD vapor growth 
equipment which used PH3 at the 1st process, and the technique of starting the 2nd process immediately can 
be mentioned. 

[0019] On the Lynn-ized boron buffer coat formed via the 1st and 2nd processes of this invention, it depends 
on the 4th process and the Lynn-ized boron system crystal layer which is excellent in crystallinity can be 
prepared. It becomes what excelled [ upper layer / a substrate layer, then / its ] the good Lynn-ized boron 
system crystal layer of this crystallinity in crystallinity. If the good Lynn-ized boron system crystal layer or the 
good upper layer of these crystallinity is utilized as various stratum functionale, the Lynn-ized boron system 
semiconductor device which is excellent in a property can be constituted. The case where the pn junction 
mold Lynn-ized boron system semi-conductor LED is constituted from the epitaxial laminating structure which 
equipped with each stratum functionale of a publication following (a) - (e) prepared on the silicon single crystal 
substrate as an example of the 6th operation gestalt of this invention can be mentioned. 

(a) After making Lynn permeate the boron coat formed at the 1 st process at the 2nd process. Heat-treated at 
the 3rd process, and depended and formed the source of boron, and the source of Lynn in the vapor growth 
supplied to coincidence at the 4th process of the Lynn-ized boron buffer coat (b) of making Lynn coming to be 
distributed over homogeneity. The MOCVD growth equipment used at the 1 st thru/or the 4th process is used, 
for example, p form lower cladding layer (c) which consists of the so-called Lynn-ized boron crystal layer of 
undoping (undope) which has not added the impurity — The same, same MOCVD growth equipment is used, n 
form luminous layer (d) which consists of a gallium nitride indium (GaXIn1-XN:0 <=X<=1) which the preceding 
clause (b) was made to join to the lower cladding layer of a publication, and carried out vapor growth to it — 
The same, same MOCVD growth equipment is used, the antiflashing layer (e) for controlling volatilization of the 
indium (In) from a luminous layer which consists of Lynn-ized boron of n form by undoping which was made to 
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join to the luminous layer of the preceding clause (c). and was prepared — The rear face of the conductive 
silicon single crystal substrate of the epitaxial laminating structure which equipped with each stratum 
functionale of a publication the up cladding layer pan which consists of Lynn-ized boron of n form by undoping 
which was made to join to the antiflashing layer of the preceding clause (d), and was prepared at above- 
mentioned (a) - (e). The ohmic electrode which differs in a polarity mutually in contact with the up cladding 
layer of the outermost layer of this laminating structure can be prepared respectively, and LED can be 
constituted. 
[0020] 

[Function] The coat which makes a subject the boron formed at the 1 st process of this invention 
demonstrates the operation which brings about behind the Lynn-ized boron buffer coat which covers the front 
face of a crystal substrate to homogeneity uniformly, and which is excellent in surface surface smoothness. 
[0021] An ambient atmosphere including the source of Lynn in the 2nd process of this invention makes Lynn 
permeate the coat which makes boron a subject, and has the operation which converts into the Lynn-ized 
boron buffer coat the coat which makes boron a subject. 
[0022] 

[Example] (The 1st example) The 1st process and 2nd process of this invention are first explained concretely 
using the example which forms the Lynn-ized boron layer from the coat of the boron formed on the silicon 
single crystal substrate. 

[0023] In the **** 1 example, the coat which consists of boron as the 1st process was formed using common 
halogen vapor growth equipment (for example, the Institute of Electronics and Communication Engineers 
"semi-conductor - transistor study group data / data number SSD74-89 (1975-03) (March 25, 1975) 
reference) on the front face of a p form {1 1 1}-Si single crystal substrate. The temperature of Si single crystal 
substrate was maintained at 350 degrees C. The coat of boron formed boron trichloride (BCI3) as a source of 
boron. After making BCI3 foam with hydrogen gas, it was supplied to vapor growth equipment. The temperature 
of BCI3 was maintained at 0 degree C, and the flow rate of the hydrogen gas for foaming which accompanies 
the steam was adjusted to 15ml/m (ml). Moreover, the hydrogen gas for conveyance of 8L/m (I) was mixed, 
and the hydrogen gas for foaming which accompanies the steam of BCI3 was supplied for 8 minutes in the 
vapor growth furnace provided to above halogen vapor growth equipment. Supply to the hydrogen carrier gas 
of the hydrogen gas for foaming which accompanies the steam of BCI3 was suspended, the 1st process which 
forms the coat of boron was ended, and the substrate was cooled to the temperature near the room 
temperature. Then, Si single crystal substrate on which the coat of boron was made to put was taken out from 
the vapor growth furnace, and the thickness of a coat was measured. From measurement using the analytical 
electron microscope which attaches characteristic-X-ray elemental-analysis equipment, the thickness of a 
coat was measured with about 18nm. It was shown from electron diffraction technique that a coat is film which 
makes an amorphous substance a subject. Moreover, into the coat, existence of the chlorine (CI) of the minute 
amount presumed to be several 10 ppm was accepted. 

[0024] After once taking out to the exterior and measuring thickness from halogen vapor growth equipment. Si 
single crystal substrate which put the coat of boron was laid in the interior of the MOCVD growth furnace 
provided to ordinary pressure (abbreviation atmospheric pressure) mold MOCVD vapor growth equipment. 
Then, the temperature of Si single crystal substrate was heated from the room temperature to 450 degrees C, 
circulating the hydrogen gas for conveyance of 8l./m (I) in a MOCVD growth furnace. When the temperature of 
Si single crystal substrate reached 450 degrees C. mixing of a phosphine (PH3) was started to hydrogen 
carrier gas. The flow rate of PH3 (100% of concentration) was adjusted to 400ml/m. The mixed ambient 
atmosphere of PH3 and H2 which makes PH3 volume percentage and contains about 4.8% (it is made a partial 
pressure and is about 48.5hPa) from this was created. Lynn was made to permeate a coat the appropriate 
back, carrying out the temperature up of the temperature of Si single crystal substrate at the rate of 40 
degrees C/m from 450 degrees C to 1050 degrees C. Warming of a substrate was stopped and lowered 
immediately after the temperature of Si single crystal substrate amounted to 1050 degrees C. PH3 continued 
circulation in the MOCVD growth furnace by the above-mentioned flow rate until the temperature of a silicon 
single crystal substrate descended at 450 degrees C. When the temperature of a substrate became 450 
degrees C, supply into the MOCVD growth furnace of PH3 was suspended, and it stood by until it descended 
to the temperature near the room temperature within the ambient atmosphere which consists of only hydrogen 
carrier gas. After cooling, when the boron coat which performed the Lynn-ized processing from the MOCVD 
growth furnace was analyzed by electron diffraction technique, the result by which the boron coat is 
converted into Lynn-ized boron was shown. Thickness was about 16nm - about 18nm of a boron coat and an 
abbreviation EQC, and it was flat and it became what can fully be used as a continuous buffer coat without a 
crack. 

[0025] Next, after Lynn-izing a boron coat within an ambient atmosphere including Lynn, the case where 
perform heat treatment and the Lynn-ized boron buffer coat is formed is made into an example, and the 3rd 
process of this invention is explained concretely. 

[0026] With the aforementioned means, after performing the Lynn-ized processing to a boron coat within the 
mixed ambient atmosphere of PH3 and H2, it heat-treated by holding a substrate for 10 minutes in 1050 
degrees C within the same ambient atmosphere. Then, the substrate was cooled to the temperature near the 
room temperature. When elemental analysis of the front face of the substrate which has the boron coat which 
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Lynn — ization-processed characteristic-X-ray elemental-analysis equipment using the involved analytical 
electron microscope was carried out, in the front face of the substrate which heat-treated, it was checked 
that Lynn (P) is distributed more over homogeneity as compared with the case where it does not heat-treat, 
moreover, about from secondary ion mass-spectrometry (SIMS) measurement 15- the depth direction of 
about 17nm boron coat — Lynn — abbreviation — having permeated uniformly was checked. That is. heat 
treatment concerning this invention was superficially effective in making Lynn permeate abbreviation 
homogeneity also in the depth direction to a boron coat. 

[0027] Furthermore, on the Lynn-ized boron buffer coat formed via the 1 st, 2nd. and 3rd process, the both 
sides of the source of boron and the source of Lynn are circulated, the case where vapor growth of the Lynn- 
ized boron system crystal layer is carried out is made into an example, and the 4th process of this invention is 
explained concretely. 

[0028] Vapor growth of the Lynn-ized boron crystal layer was carried out on the Lynn-ized boron buffer coat 
in the MOCVD growth furnace, not performing cooling actuation of a substrate but maintaining the 
temperature of Si single crystal substrate at 1050 degrees C. after performing heat treatment at the 3rd 
above-mentioned process. The Lynn-ized boron crystal layer combined the hydrogen gas for foaming and PH3 
which accompanied the steam of boron triethyl (C2H5) (3B) to hydrogen carrier gas with a flow rate of 8l./m. 
was circulated in the MOCVD growth furnace, and was formed. 3(C2H5) B held at 25-degree C constant 
temperature was made to foam, and the flow rate of the hydrogen foaming gas which accompanies the steam 
was set to 45ml/m. The flow rate of PH3 (100% of concentration) was set as 430ml/m. (C2H5) The hydrogen 
carrier gas containing the hydrogen gas and PH3 which accompany the steam of 38 was continued for 8 
minutes, it circulated, and the Lynn-ized boron crystal layer of p form was obtained by undoping on the Lynn- 
ized boron buffer coat. The thickness of the Lynn-ized boron crystal layer was about 420nm, and carrier 
concentration was abbreviation 2x1019cm-3. It depended on making the Lynn-ized boron buffer coat of this 
invention into a substrate, and membrane formation of the Lynn-ized boron crystal layer [ ] by which a 
crack is not checked by looking, either was attained. 

[0029] (The 2nd example) In the **** 2 example, with the same MOCVD vapor growth equipment as having 
made the boron coat form on a crystal substrate in the 1 st process, the case where the 2nd. 3rd, and 4th 
processes are performed is made into an example, and the contents of this invention are explained concretely. 

[0030] First, the coat which consists of boron was formed using ordinary pressure (abbreviation atmospheric 
pressure) mold MOCVD vapor growth equipment on the front face of an n form {1 1 1l-Si single crystal 
substrate. The temperature of Si single crystal substrate was maintained at 450 degrees C. The boron coat 
formed 3(C2H5) B as a source of boron. (C2H5) After making 3B foam with hydrogen gas, it was supplied. 
(C2H5) The temperature of 3B was maintained at 25 degrees C. and the flow rate of the hydrogen gas for 
foaming which accompanies the steam was adjusted to lOml/m (ml). Moreover, the hydrogen gas for 
conveyance of 12l./m (I) was mixed, and the hydrogen gas for foaming which accompanies the steam of 3 
(C2H5) B was supplied for 1.5 minutes in the MOCVD growth furnace provided to above MOCVD vapor growth 
equipment. (C2H5) Supply to the hydrogen carrier gas of the hydrogen gas for foaming which accompanies the 
steam of 3B was suspended, and the 1st process which forms a boron coat was ended. After ending the 1st 
process, for 30 seconds, we continued circulating only the hydrogen gas for conveyance, and decided to carry 
out the sweep of the above-mentioned source of boron which remains in a MOCVD growth furnace out of a 
furnace. 

[0031] Then, mixing of PH3 was started, circulating the hydrogen gas for conveyance of 12l./m (I) in the same 
MOCVD growth furnace as having made the boron coat put. The flow rate of PH3 (100% of concentration) was 
adjusted to 430ml/m. The mixed ambient atmosphere of PH3 and H2 which makes PH3 volume percentage and 
contains about 3.5% (it is made a partial pressure and they are about 35.0 hPaTorKs)) from this was created. 
Next, heating the temperature of Si single crystal substrate from 450 degrees C to 850 degrees C. Lynn was 
made to permeate a boron coat and the 2nd process which forms the Lynn-ized boron buffer coat was ended. 
[0032] Then, it had the 3rd process which holds a substrate for 10 minutes at 850 degrees C within the mixed 
ambient atmosphere of above PH3 and H2, and heat treatment in which Lynn is made to permeate 
homogeneity was performed to the Lynn-ized boron buffer coat which depends on the 2nd process. The 
thickness of the buffer coat at the time of termination of the 3rd process was about 20nm of a boron coat and 
an abbreviation EQC, and was a continuation layer in flatness without a crack, moreover, the front face of the 

buffer coat from the Auger (Auger) spectral analysis — concentration like — abbreviation — uniform — 

and the depth direction of about 20nm thickness — Lynn — abbreviation — having permeated uniformly was 
checked. 

[0033] Next, the hydrogen gas for foaming which accompanies the steam of 3(C2H5) B was supplied in the 
same MOCVD growth furnace as having carried out the above-mentioned 1st thru/or the 3rd above- 
mentioned process, holding the temperature of a silicon single crystal substrate at 850 degrees C within the 
mixed ambient atmosphere of PH3 (volume-percentage **3.5%) and H2. The flow rate of the hydrogen gas for 
foaming which the hydrogen carrier gas of the above-mentioned flow rate was made to mix was set to 25ml/m. 
(C2H5) The hydrogen gas for conveyance containing the hydrogen gas for foaming which accompanies the 
steam of 3B, and PH3 was supplied in the MOCVD growth furnace for 12 minutes, and the Lynn-ized boron 
crystal layer of n form was formed on the Lynn-ized boron buffer coat by undoping which sets thickness to 
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about 32nm. The carrier concentration of the Lynn-ized boron crystal layer was abbreviation 6x1018cm-3. 
Since the Lynn-ized boron buffer coat formed via the 1 st thru/or the 3rd process was used as the substrate 
layer and the 1st. or the 4th process was carried out using the same vapor growth furnace (MOCVD 

growth furnace), it became effective in bringing about the flat Lynn-ized boron crystal layer without a crack 
simple. Moreover, since we decided to perform a process in the same MOCVD growth furnace consistently and 
exposure to the open air of a boron coat was avoided, unlike the case of the 1st example, the sludge which 
becomes the front face of the Lynn-ized boron buffer coat from boron or the oxide of Lynn was not accepted. 

[0034] (The 3rd example) After stopping circulation of the source of boron to a crystal substrate front face 
and ending the 1st process, the case where supply the source of Lynn immediately and the 2nd process is 
carried out is made into an example, and the contents of this invention are explained concretely. 
[0035] After suspending supply into the MOCVD growth furnace of the source of boron and ending formation 
of the Lynn-ized boron buffer coat, there is no intermission, hydrogen carrier gas was made to mix PH3. and it 
was made to circulate in the 2nd example. That is, PH3 gas was circulated without preparing spacing for 30 
seconds after termination of the 1st process established in the 2nd example in the **** 3 example, and it 
shifted to the 2nd process. Then, the 3rd thru/or the 4th process were carried out on the same conditions as 
the 2nd example, and the Lynn-ized boron crystal layer of n form was formed by undoping on the LynnHzed 
boron buffer coat. In the front face of the Lynn-ized boron crystal layer, the spherical projection was not 
accepted but was flat. When depending on the analysis of the crystal structure using a general X-ray 
diffraction method, as shown in the X diffraction pattern of drawing. 1 , the Lynn-ized boron crystal layer was a 
continuation layer which consists of the {111} crystal faces which carried out orientation to <11 1> crystal 
orientation uniformly. Moreover, the thickness was the case of the 2nd example, and abbreviation identitas, 
[0036] On the other hand, the thickness of the Lynn-ized boron buffer coat is about 25nm, and was thick 
about about 5nm as compared with the case of the 2nd example. Since this deleted the period exposed in the 
ambient atmosphere which consists only of hydrogen carrier gas, it was considered generating of the volatile 
component based on association with hydrogen and the boron which constitutes a boron coat should have 
been avoided, and fold. For example, formation of the volatile component based on association with a boron- 
bearing organic macromolecule object (refer to the Kajiwara an "outline inorganic polymer" (April 10, 
Showa 53, the 1st ** of the 1st Edition of the Chijin Shokan Issue), and 53 pages) and hydrogen was avoided, 
and it was presumed to be the cause which keeps thickness thick that deviation from the coat of the boron 
based on volatilization was avoided. 

[0037] (The 4th example) The case where the Lynn-ized boron system LED is constituted from the epitaxial 
laminating structure equipped with the Lynn-ized boron buffer coat and the Lynn-ized boron crystal layer 
concerning this invention is made into an example, and the contents of this invention are explained concretely. 

[0038] The mimetic diagram of LED1B which starts **** 4 example at drawing 2 is shown. The structure of 
the cross section of LED1B in alignment with broken-line X-X' of drawing 2 is typically shown in drawing 3 . 
[0039] Epitaxial laminating structure 1A consisted of the Lynn-ized boron buffer coat 102 and the n form 
{1 1 1l-Lynn-ized boron crystal layer 103 which were formed like the 2nd above-mentioned example on the n 
form {1 1 1}-silicon single crystal substrate 101, and the luminous layer 104, the antiflashing layer 105 and p 
form Lynn-ized boron crystal layer 106 which were prepared on this n form Lynn-ized boron crystal layer 103. 
The luminous layer 104 consisted of gallium nitride indium mixed-crystal (GaXInl-XN) layers of n form. The 
GaXInl-XN layer was formed at 850 degrees C using the trimethylgallium (CH3) (3Ga) / trimethylindium (CH3) 
(3In) / ammonia (NH3) / H2 system of reaction. Moreover, GaXIn1-XN was formed using the MOCVD vapor 
growth equipment In which n form Lynn-ized boron crystal layer 103 was formed. The indium presentation 
ratio of GaXInl-XN of a hexagonal wurtzite crystal mold (=1-X) could be 10% so that it might become the 
lattice constant of the a-axis corresponding to spacing (**3.21A) of the {1 10}-BP crystal face which 
intersects at a vertical the {1 1 1}-BP crystal face which makes the front face of the n form LynnHzed boron 
(BP) crystal layer 103. 

[0040] (CH3) NH3 was switched to PH3, holding a substrate 101 at 850 degrees C, after suspending supply 
into the MOCVD growth furnace of 3Ga and (CH3) 3In and ending formation of a luminous layer 104. The 
hydrogen gas for conveyance was made to mix the hydrogen gas for foaming which accompanies the steam of 
3(C2H5) B in parallel, and it supplied in the MOCVD growth furnace in which the luminous layer 104 was 
formed. The flow rate of the hydrogen gas for foaming to 3(C2H5) B held to 25-degree C constant 
temperature was set to lOml/m, and the flow rate of the hydrogen gas for conveyance was made into 12l./m 
(i). (C2H5) The hydrogen gas for foaming which accompanies the steam of 3B was circulated for 1 minute, it 
was made to join to a luminous layer 104. and n form Lynn-ized boron layer of undoping which sets thickness 
to about 15nm was prepared. This n form Lynn-ized boron layer is Ga0.90InO which constitutes a luminous 
layer 104. It prepared as an antiflashing layer 105 for preventing the vaporization of the indium (In) from lONs. 
[0041] The addition to the hydrogen carrier gas of the hydrogen gas for foaming which accompanies the steam 
of 3(C2H5) B was once stopped the appropriate back, and the temperature up of the substrate 101 was 
carried out from 850 degrees C to 1050 degrees C in the mixed ambient atmosphere of PH3 and H2. After the 
temperature of a substrate 101 reached 1050 degrees C. the addition to the hydrogen carrier gas of the 
hydrogen gas for foaming which accompanies the steam of 3(C2H5) B was resumed, and the Lynn-ized boron 
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crystal layer 106 of p form was formed by undoping. The thickness of p form Lynn-ized boron crystal layer 106 
could be about 210nm. moreover, usual electrolysis C-V — the carrier concentration of this layer 106 which 
depended on law and was measured — about 2 — it was x1019cm-3. (C2H5) After stopping the addition to 
the hydrogen carrier gas of the hydrogen gas for foaming which accompanies the steam of 36 and ending 
formation of p form Lynn-ized boron crystal layer 106. the temperature of laminating structure 1 A was 
lowered at about 600 degrees C in the mixed ambient atmosphere of PH3 and H2. Then, supply of PH3 into a 
MOCVD growth furnace was suspended, and laminating structure 1A was cooled to near the room temperature 
in H2 air current, 

[0042] The surface electrode 107 which consists of Au-Zn / nickel (nickel) / three-layer multistory structure 
of Au which has arranged the ohmic electrode which becomes a side in contact with this layer 106 from gold 
and a zinc (Au-Zn) alloy was formed in the center section of the p form Lynn-ized boron crystal layer 106 
which makes the surface of laminating structure 1 A. The surface electrode 107 which serves as the plinth 
(pad) electrode for connection was used as the circular electrode which sets a diameter to about 120 
micrometers. Moreover, all over the abbreviation for the rear face of the n form Si single crystal substrate 
101, the ohmic electrode which consists of aluminum (aluminum) as a rear-face electrode 108 has been 
arranged. The thickness of aluminum vacuum evaporationo film could be about 2 micrometers. LED1B of the 
pn junction mold DH structure which pinched n form luminous layer 104 in p form and n form LynnHzed boron 
crystal layers 106 and 103 consisted of this. Since the Lynn-ized boron layers 106 and 103 of the both sides 
of p form and n form had about 3eV as a band gap in a room temperature, each has used them effectively as a 
clad (clad) layer to a luminous layer 104. 

[0043] When conduction of the operating current of 20mA (mA) was carried out between the surface electrode 
107 and the rear-face electrode 108 in the forward direction, the violet band light which sets wavelength to 
about 440nm from LED1B was emitted. The brightness in the chip (chip) condition measured using a common 
integrating sphere became a 9mm candela (mod), and LED1 B of high luminescence reinforcement was offered 
since [ moreover, ] pn junction was constituted from continuation film which excels [ all / of n form luminous 
layer 104 and p form Lynn-ized boron layer 106 ] in surface surface smoothness — forward voltage (however, 
forward current = 20mA) — about 3 — the Lynn-ized boron system LED which has the good rectifying 
characteristic which sets to V and makes reverse voltage (however, reverse current =10microA) more than 5V 
will be offered. 
[0044] 

[Effect of the Invention] It depends on the vapor growth which makes the compound which makes the 
compound containing boron the source of boron, and includes Lynn on the front face of a crystal substrate the 
source of Lynn. The Lynn-ized boron buffer coat, In the manufacture approach of the Lynn-ized boron system 
semi-conductor layer which forms the Lynn-ized boron system crystal layer which uses boron and Lynn as a 
configuration element on the LynnHzed boron buffer coat The 1 st process which carries out vapor growth of 
the coat which the source of boron is circulated on the front face of the crystal substrate held in the Lynn- 
ized boron buffer coat at the 1st temperature T1 (however, 250 degree-C<=T1 <=750 degree C), and makes 
boron a subject on it. Since it went with the 2nd process which makes Lynn permeate the coat which makes 
boron a subject and formed within an ambient atmosphere including the source of Lynn at the 2nd 
temperature T2 (however, T1 <=T2 <=1 200 degree C). the LynnHzed boron system crystal layer which is 
excellent in a continuity was able to be formed 

[0045] If it heat-treats to the Lynn-ized boron buffer coat which maintained the temperature of a crystal 
substrate beyond the 2nd temperature, and was formed via the 1 st and 2nd processes as the 3rd process and 
the Lynn-ized boron buffer coat is especially formed in it within the ambient atmosphere which includes the 
source of Lynn after the 2nd process also superficially, the coat which becomes considering boron as a 
subject is uniformly permeated also in the depth direction in Lynn — it can make — the Lynn-ized boron 
system semiconducting crystal layer [ **** / that a front face is flat and ] — effectiveness can be raised for 
forming. 

[0046] Moreover, on the Lynn-ized boron buffer coat formed via the 1 st, 2nd, and 3rd process, the both sides 
of the source of boron and the source of Lynn are circulated, and by the approach including the 4th process 
to which vapor growth of the Lynn-ized boron system crystal layer is carried out, if the Lynn-ized boron 
system crystal layer is formed, the continuous Lynn-ized boron system crystal layer can be formed 
[0047] Moreover, since it carries out with the same vapor growth equipment with having carried out vapor 
growth of the coat which makes boron a subject for the 2nd, 3rd. and 4th processes at the 1st process, 
effectiveness is to form the Lynn-ized boron system crystal layer simple on a buffer coat. 
[0048] Moreover, if the 2nd process is started and the Lynn-ized boron buffer coat is formed at the same time 
it stops circulation of the source of boron to a crystal substrate front face and terminates the 1st process, 
the Lynn-ized boron buffer coat which is excellent in a surface state can be formed, and if spread, 
effectiveness can be raised for forming the Lynn-ized boron system crystal layer which is excellent in a 
continuity. 

[0049] Moreover, if the Lynn-ized boron system semiconductor device is constituted using the Lynn-ized 
boron buffer coat and the LynnHzed boron system crystal layer concerning this invention. LED of high 
brightness which is excellent in a pn junction property, for example can be offered 
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* NOTICES ♦ 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
S.In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

tBrawlOfiJ] It is drawing showing the X diffraction pattern of the LynnHzed boron crystal layer concerning the 
3rd example of this invention. 

[Drawing 2] It is the mimetic diagram of LED concerning the 4th example of this invention. 

[Drawing. 3] It is a cross section in alignment with broken-line X-X' of LED shown in drawing 2 . 

[Description of Notations] 

1A Epitaxial laminating structure 

IB LED 

101 Silicon Single Crystal Substrate 

102 LynnHzed Boron Buffer Coat 

103 N Form Lynn-ized Boron Crystal Layer 

104 Luminous Layer 

105 Antiflashing Layer 

106 P Form LynnHzed Boron Crystal Layer 

107 Surface Electrode 

108 Rear-Face Electrode 



[Translation done.] 
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imk^m y^-fbsffl^saesr. micoa^Ti (fi 

L. 2 5 OrSTi S 7 5 O-C ) t:fiMt;^itfcfeB^H^ 

^%i^Si^m-h^icr>iMt. m2<T)^^T2 (fit. 
Ti g 1 2 0 0-C) T\ y yi!l2r-i-tf#fflMrtT, 
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1 0 S 

1 04\: 

1 0 

1 0 2^ 



:\ I I 
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1 0 8 



J i!^ ( B ) ^^ts^^^m^h 'J 
>- ( P ) Sr-^tf-ft^^r U yiltf J: 

5 or ^T, S 7 5 0"C ) {Cfi^^S^I^^^BX:Kc7)^® 

[iS^«2i m2<^xst7)m. y>l^^-^tf#ffl^rt 
T\ feas«i«oass-M2<7)iaKT2«±tti»t, y 

'mit-thm^ 1 fciaiico y >-fb8iR;^^#:s«^8 

T. y:^'ft:iiS^««±tcy>"ft:i!«9^^H^«$:^fflfig 
tm<D y wM^^^^jsosji:^. 

^mtmsizsmcTiv y{mmi^m^m(7mk:f;m. 

xmi<r>xmt:f^T^ittbm^iz. ^ms\^vy^<^ 

1 0 0 n mJilTTJ) S C: i: ?r m -r ^ fS^^I 1 ^ V ^ L 
[»*«7] yyM^7)«cmJt^€:3%JiLhi:-ri.#H^ 

6 1 3Stc^co y yms^^^w.m<r>wk 

5:»-S-4 04J-iatTdCi:2r^i:1--g.it^3l2^f 

L 5 <ov^-md» 1 mzwsL<n y ^^-fbusg^ifi^ficgo 

(a^«9 ] LT, ( S i ) m^B%$rffl 

V^l. C t ^^i: -r &fS*3S 1 L 8 01 1 m 

[ miStT^ 1 0 ] if 1 ^ L 9 cov ^-f 1 :l Bi5 
y yfl:ii^^^^*l<^^jt:tr&ic J; osSii Lfc y y 



mimi 1 ] mimioi,z%m(o'jyim%^^w 

[000 1] 

tc. 'jyimmt^h^shmmm {')yimmmmm) 
t . uggsi/ y y ^:mmm t -rs y >"f»3g^^B^ 

0 . mzm-^j:mi^ij&im-t& y y-ftmsi^^B^BiiSr 

[0002] 

[fie*oa^l5] t^iO. Iffl* (B) ^y> (P) 

Wfi^Tc^fc-tsywbii^^^f^cSJi. a^tfo^f*: 
m'=F^im.-tttiibtzmm^tir\^?>. mta. y>-ft 
ns^^^flsfc Lrft«w=5:^s«:coy y^mm ( b 

P ) *»^>^S^#:)Ui, n p nM'^xnysM'-K-^ h 
^y>^Xi^ (HBT) C7)n?^<— X (base) 
^-r-StCfflffli^ilTlr^S (J. Electroche 
m. Soc. , 1 25 (4) ( 1 978), 633~6 
3 7H#.^) . tti, W^<r>U-'fr^^-V (LD) 
tc:S>-5T. ^«!l^tt<7)«V^;t-5 (Ohm i c ) H 
®2:Jg^-r-I.^Ci6c7)3 h (contact) St 

LXmm^tlX^^^ (!^WT1 0-2425 67-^^^ 

^'^>-rf63K:j^-f:t-H (LED) i:mm-^tiif>cmm 

«t tTfflV^iii^TV^S (*lil#f|=6. 069. 021 
##^) . 

[00031 ±iB<0*n< <7)if£^f4:^-?$-:^^-tl.;ta6i7) 

u y-(mm^^i^mi±. m^x'o. m^^M^mz^ 
-fbiSK (Bc I3) ^Hig-fby^- (PC I3) ^tamLm 

t-^^.ysnyy (halogen) ^ffl^:R& ( r Q:^ 
^^bB^^^^^j , Vol. 24, No. 2 (199 
7) . 1 50Mmm) . (BH3) ^-ttii^'.K^ 

y (BzHg) h^x:7>f y (PH3) ^Srm?}i:-r-l.>'N 
>f H5>f H (hydr i de) mm:^^ ( J. Cry 
stal Growth. 24/25 (1974), 1 
9 3~1 9 6H:#^) , 4H^acl^;J':^ri^A'/P& ( J. 
Solid State Che m. .133(19 9 
7 ) . 2 6 9~2 7 2K#gl) , Sy^fiHS^g-ft^W^ 
tgtt« (MOCVD) & (I ns t. Phys. Con 
f. Ser. . No. 129 (lOPPublishi 
ng Ltd. (UK, 1 993) . 1 57— 1 62B: 

[0004] y y-fMSm4^#ii ^^fflfiitSS li:^ 13 

i^L, mx.izim^wttm<^^i^^B^m\'^t ^^^t 

i ) (^y:^^) (iie-^ffiJ. E 1 ec t ro 

chem. Soc. , 125 (1978), Rl/<2>i^ 
1^6. 0 69. 02 l-f-#SP,) , ^-fbSIS (S i C) 



0-2 4 2 5 6 9^^$8#,^) , V 
'!7i.(GaP) (iRf^l 0-24 2 5 68-f-<&## 
Bl) ^S-fbXfU'^i^ (GaN) 

. im^m^Bcr>^'J'^ii5 . 4 3 1 A-C3> 
0. WffiiSl!i:MOBPc0^ix{i4. 538A-C'J)I) (# 
* ISlf. ri^i^y^/UxmSH ( 1 99 5:^3^3 

OB. (m imssmfwis.) . 28w^) . s!^ 

h (J£B 5SS^. ri(£^{*:iriri (±) J (19 9 2^ 

9 8H#B3) . 
[0005] 

{i> Vo 1 me r-Webe r^iO^:R^^$r t> oTfe 

m^^m. r^jpf^yNyH^r.y^'j (199 1^3^ 
2 5B. ^ai)!R %^=f^D)KmllS'J) . 5 9H# 

^Jf^hh, ^V^{4. Stranski-Krastan 

o v«5a:«^ (±iBo mw{m>^v\^zfv<^ ^ . 5 9h 

[00063 B-W=5ridr6]14<7)^B^B#:^ t oT^^ U v 
^-C-#. ra:^|S]«flE Ofif. Vf ) (^fiv^LED, * 
a-W^r^B^B®:^«t5:«:-rS51iH4<7)^ 

[00 07] 

( 1 ) ( B ) ^r-t-tf-fL^iRiltrlBSJifc 'J >- 
( P ) Sr^tf-fb-^iBjSr 'J y}!gi:-r§^fi&*^t: J: 9 . 

c7)Sgjt:^tCfcV>T. IglOiaSTi (ilL, 250-C 
^Ti ^7 5 ox;) 



^Jg$rm2c?)iaj^T2 (ffit. T, ^Tz^l 20 0'C) 
^WtC';>'^?iSS-ti:'SIS2<^XSi:5rig*tT. ^ 

( 2 ) m2c7)iScr)m, 'J y}!l^:^tf#ii5vl*iT% 

-l.±iE ( 1 ) \z.^<r>')v\m%W^wm<n>W^lri 
m4^xs^-irtf^ fc ^JRMSfc-r s±i£ { 2 ) i::iei5o 

(4) ^2, 113. m4c7)lSf:. HlOXSt^tiV^f 

( 3 ) tcESic^U y-fbffllim^^*«^oiS3t:^ft. 

( 5 ) 1^^W^<n^m'^<rimm.(ry!Sm^Wic\.X^\ 
(50XS?:^T$-li--Sfc|3I^{c. #ffl^^U>i!liOeti^Sr 
^j[&Lm2<OXm2rrajt&-r«.C: i: ^mt^^iJB 

( 4 ) CEf8<^U >"(fcBi!3R^4i#«c«<0S?Jt:*r^. 

(6) iB«^±f*:i;-r-SM]K«0JKJl*5l nmUJUtl 0 0 
nmiaTT'*>S^^2:mi:-rS±ie ( 1 ) =5:V^L 

( 7 ) y yig<7)f!l:«Jt^$: 3%J;i±i:-r-S.#Hm4'-eil 
2c7)Xg^^fp^:^:2r#lai:-rl.±la (1) =5:V^L 
( 6 ) <7)l^-t^» 1 3lCiBa<?5 'J i^-ft:ffl8^^^*®<0 

( 8 ) IS 3 COX^T >"ft;W*S«a<7)^a2r . 5 ^ 
^4 0:}J-ra^T3::i:«:#^i:-f-'g.-tJe (2) ^V^L 

( 5 ) <?5v^-fix*» 1 mcwusn V y^mm^¥mi^m(D 

( 9 ) ^B^eSKi: LT . ^ ( S i ) m^a^BSrffl^-^SCl 
tt:mWLb-ti>±U ( 1 ) =2:V^t (8) (/)\.^-rtd}^im 

[0 0 08] tfc. ^^ma 

( 1 0 ) ±ie ( 1 ) ^v^t ( 9 ) eo^^-^-rtiA^imz^ 
co^j yimmmmiiim(r)^kjjmizx mmtti v y 

( 1 1 ) ±ie ( 1 0 ) i,zimcr>o y-fmmm^mm^ 
mtx^h 0 yimmmmim'^. 

X'hh. 

[0009] 

^^£hmmmm^m^^x. mmt:±wt-th^t: 
m^^s.<^mi^m^'thtc)^<7>iMX'h h , mwrnh 
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Lxii. E.mimn ( B c 1 3 ) ^zts-fkms ( b b 

rs ) ^<?)May WMIg-fb-^, (BH3) tfc 
lii^if^yy ( Bj He ) mcomm^m^tVu. ^V^ti: h Ux 

i-fmrn ( ( Cj H5 ) 3 B ) ^<7)^«nj»'ft:-^!i«5$'fi?!i* 

(C2H5) sB&li^igi: tTJ^^t/iteHtcJi, 
fflmmt;^ (C) ^v-^Ji/hS (H) 

*^8 0%^Xtt-tl.t!![MT'S>S. ?ai«$r±f4ci:-ri.« 

s<o*iim-c*s . 2 5 ox:*}ii<^iajK-c{ifflii^«^ 

\<r>lLmzh'^X . ^tciS^T^ (X,) t±, 2 5 0-0 
STiS7 5 0*Ci:^S. 
[00 103 HKOXgfcfcV^T, 

(C2H5) 3B^Oll«ii{i. :^%m<rM 

Lfz (C2H5) 3B^-s£7)^s, :».fflBg;asa[^tce^ 
h, ( C2 H5 ) 3 Bm<r>mmm.cnmm.i:mi^'thm^ 

5r. MtC. UK* ( c a r r i e r ) :tfXtm,-^^^X^ 

{ N2 ) Mt/lcr;Pd-> ( A r ) ^c7)^f4s;&'xSrfiJ 
mxt h . ^m<7)mJ?-ii l n mlHtX' l O O n mlJiTi: 

-?-5<^3&<»*uv>. 1 nm^m<m<mmx'ii. mmt: 

±'»b-r^^mt/^m^amwL(r)mm^^-si-i>z-miz^mi- 
^izmh-f. m4cr)xmx'm^m<^m.mt:-mi,zmm 

mmt:W.izB2 0 0nm^:mt^mmb-t^b. IS 



[0011] lg2i^Xg{i, m 1 <0IgTlSB%S««7)^ 

^■^^.tiibcOTMX'hh, 'JyMttxii. E.^-(VJy 
( PC 1 3 ) ^HA-ILU y ( P B r3 ) ^WNn^'Wb'J 

>"fl:-^, lt■>xy^y(.PH3)m<DV yjiimim. m 
i-^iiMvy^t-^im^x'^^, mmio) ^^tsv 
y^t-^ii. mm?:±i^mzm^-thmm. trzn^ 

izim Vt: V yizm-iti^m^RlI L . mitm-i^^j:^ 
ti!,mt:ttit^-i-tzib1iftL\>^Oymkim'0i)>t3ii>> V 

yMcr>^^mM^'^xnm^^mm-hzt trt -s 

ip. Vymt:±Mi(omM:^'Xtmz^-th 

t . u ym<7)mmimiss^tu:znm^^mtiix^ h . m 
xxt. ^\<niimzii\^xwmk'^^\^tz%mL^m. 

w.<^)imitm^3%m±b^hb. mmt:^wb-thm 
mizvy^mmmzmm^-tii^tih. 
u y<^Aii. Mtii. 2<!K^^ym.m.^iSx (SIMS) 
ffi^:t-i^'xm-?^s (AEs) . ^=mru-r 
(probe) xmfigrm^<ojm^imx'^x't 

c 0 0 1 2 ] m2<^istcijits^a«ROiag (^2 

^^ia^Tj ) ti. ^ 1 <n)T.mzmi^m¥^mi^<^^ 

(^lOiS^T, ) i O^jST. 12 0 O'CJilT 

cOiaKi:-t-S., 120 0t:S:@^|.iSiaT{i, M;c{f, 
^(♦ci»^«ii<^)Bi3 Pa^iOU ymmi^S.W(^^ 
( J . Am. Ceramic Soc.,47 

(1) (1 9 64). 44'-46i:#Bl) , ±jlt tT 
SfaSOHo/c y y-fM^I^^B^iiSrff tc^lP-a-i: =5: 
h. —H. T, ( 2 5 O-C^T, g 7 5 0*0) KkT<OiSJS. 

x'\i. ')ym<^m^mt)^%^^zmftL^£\.^fzih. aa^sr 

mib VX^j:hW^\,zm^^h U y2r35&^6<JtcS[ajT' 
#^r<=6:')^«S-&T*-l.. ioT, l^2iOlS-Cll3Tit 
^■&^20a^T2 CC) (4. Ti^Tjgl 20 0°Cc7) 
liHT'35>.5. , yjli: P CI 3^^0>'^o^r•y■^t: f >' 

^b^sri^fflu^c^. ^mx'm.-t?>^^uyyw>i 

j^ufywjyit-^i'jyub'rhmzit. 
m2(r>iLmzm'rhm2(r>^M. iMK^itFm^n 
x'vamms^izWL^^<r>tm.t. lv^. w^, «iia9 5 

L5rv%^, |g2<^IS&*ITL/::^^^^l^.^l.-&U^•^t; 

BBSiSioJiifti. t^i<^i.nTm^Lfmm^±iifib-r 
[0013] *f&HBois 1 <n^mm.<7)imb lt«. 



nicoi^fcLT. v^jx-i-ivrnmi (C2H5)3B) 

yiocvDmMm.mi\ { 1 1 1 > t^im^^hm 
mm^^^SL ( < 1 1 u -^m^^mi) <^mm±. 

%ffiiiixy ^ y ( PH3 ) S:-|ftf*^H^*T\ ms. 
<?5iaSSr4 5 0X:3&»<?>m2(OiajK (=T2) T'J)^1 0 

T^B^Bm'Siil.±«2rt^^4>-r{c^r^=5r^«/it LX 

m^w^m\,zm^xm^ hxfm^^^^wm. 
mm (±ieo*ii#it6 , 0 6 9 . 021 ^ 0 

1 ogP = - (13. 7X1 03/T) 

[0015] :^^m(^t^2(Dmmmcoi(fMb lx . m 
iRif$S2<7)xm^w&Lxm^Lfzo yitmmt'^^ 
^mmm^zntx. m3(r)X.mizii\^^x . m2(^xm<7) 
m2(Di&mtmt9 5ox:x. tms-»mizLx i o% 

x\ 1 5-^mizm:s>mm^mt^mimifi^ti^. m 
9mizmttmii. mmSimi:f^2(0JM<^m2<7)s, 

smLb-thztizmm^^z^mx'^^. mt, 1 2 
0 ox;^@i.s®iat:-co^ii{±B,3 P2^(o^4#co 

(Dxmcomm^mmb txa. t6X^5'i^m^4 o^s 
fth(r>ffii^x'h^, m3<^iimz^i7hmmii. 
-'M(r>iSimiz--^<7)mmzB.o^m-t^mzmM$ti 

i^is Loo. t * ^ . ^^bbc^dii 2 <^ 

mimmmi<omt tx. mta. m2<7)^i 900 

X:kLX^2<7)Xmt:mTLi^m. ft^H^fJ-^lcLTS 
%<7)P H3 Sr-^OPH3 1 N2<^ii-^;<rX3&-/^^§|?fflM 
4^T. u y-fi:?i«^ffiio^«Sr 1 1 0 0-Ci-C'»:«-2 

o'ccoj£gT'^^L.-c. 1 o^i-iaicao^asrM-r* 

oT, mmmizm^m^mx-rhzkk^j:^. m^z. m 
m.^j:^mx<7)^iSLttzimiSiimmmi)^ t>(n u y(r>m^ 

<rMk^mzW^\^. ')y(r>-M\,z^hWmm<ry^m<r> 
ox:*»'bft^*?;5 oroiSffltcS)^. 



[00141 ^«Jit LTW5*{cf^ffl^s y >-fbil3gS 

gfSS-. ±iec^miSt/lg2<0Ig5-g*Lr?^B£t?t 
f^. W^Z. U >'}!ISr-^tf#ffl».rtT'Si3!affl ( a n n e a 
1 ) S-Jrr i: (c J; 0 . ^ 'J 2: U 

x'%h. <&.^x\t')ym.(mamti^mt^zmi^'f. t 

mmis^it. m2(7)^Ti agt. TigT2si2 
oox:) a±b-rh<r>imtt. ^mi. ^crtrnm 

i:mtiSMizii\,^x. 'j^-^K ti>. V yimmt-^fm 

■th V y-^^cr,Ktiimx.h^m(OV yilSr^^LTV^ 

u yimm<DmmK ( p ; m&h p a > 

iaS2rT : K ) L-CiX^OW^siC ( 1 ) <fc 
K>^ib^tlht^tlh (J. Am. Chem. So 
c. . 82 (1960). 1330—1 33 2H:# 

m) , 

+ 10.2 mm^A 1 ) 

[00 16] ±licr)1m<. f^lRl/m2c0XUim^L 

^{:mtt?>mmmbLx^izmmx^i>, m^x. 
u y{cmm^i^^Bm^m:^^tt>ixh . u yimmim 

B.AlgGa^ Ini-»-;9.^ Pi-s Asy (0<a 
^1, Og;3<l, 0^r<l. 0<« + /3 + r^l. 
0^8<l) . i^ce«l;t{f. B<. A 1 ^ Ga^ I m-, 
.p.^Pi.jN, (0<agl. Og/S<l, 0^r< 
1. 0<a+/3 + rSl. 0^^<1 ) T'S>I>, ^f<c 

ST^«BS-r'&?ty>otss^t Lxmm-thtz}iy\,z\t. 
:iixh<^ 0 yimm^i^^Bmit-it^&mmizimcomi 
x\^h<r>ifimxthh. «!oT. m\(^i:mzi5\.yr:'} 
y^wmm.mm'k%,mm:^^^i^t\m^j:*) . vy 
^mm^^ii. mmm&T/v ym<7)M-^ ^mmtzm 
MLx y y'mmmmm±izmm.-t?> . *%H3om3<^ 
mtmmco-m tLx. u v^m* ( b p > 

^4<0X^t tr. (C2H5) 3Bi:h'J^f-;l^;<7 
•J-^A ( (CH3) 3Ga) tPH3i:^MffLTSE)iL 
00. MOCVD&{Cft»5ISI^^«0BxGa,-xP 

( o^x^ 1 ) mi^mm:^'±mi:mif^ti^. 
[ 0 0 1 7 ] ig 1 <DiMX'mm^i.i^b-r^im(^mm 
^m^c^mt^iw± txmj^'tfz^. itmi>z v ym 

$-«*&LT. 'R-<r>f^n^^mzts\,^x, 

2 <^xs^ ii^t$^^■l. ^ t i: -rs t . ©fitc u ww« 

b^j:<'m2<r>iLmzw€X'%h<r>x\ mx.\.i. mmm.^ 
±X'^i>. tfz. f^2<7)xmiz^\^^^m3Rx/m4<o 
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i^^^yy (BjHe) b^ir^xy ^ y (PH3) t^^Mco 

K^'f v%n&s^i^x'miits:th^t:mifti> 

tit, 

[0018)^1 coxuxmrn^^i^t ■ttmminm^ 
izimLtzwmMcmi^i{^±tx . miyiz. m2<r>x 
n<nfzif><^m2<^^\zmsLL->^. m-^x. ^)vwn 
m^^mkth b . mFmmijmm-^b-th u y^m 
mmm^m^-^x. t o yimm^mmtrmmx-^ h . n 
\,z. m^mm<7yf&^mbm-<^^Bmi}^t:>m--m^z 
^j:hm^mifnhixh, mtit. { 1 1 1 } -^sm 
i'^m.±j.z. { 1 1 u t^ikmi)^i>m-mzti:h u wt 
wmihm^i t ti t>^t^ 0 y^tmmmm^mmxt 
^ . ig 1 coxm^zmm Ltzmmm.(o^i:w± tfz^. 
'J ym(7ymi^^mih-tt&izm i ^mtrmtt^m^c^ 

V yitwrnmrn^Bm^mb tx^thv y^mmmmm 

Lxmm. ^t:wm:^^cr>^<7)nm^p^x'tmLrzm 
izmfSL^fih^Mmjmm^^im^<mmt^(r)^izB 
mt?>h<7>b^-M^iii,. z<7)m^:im<^mmi^<r>^ 
(r)muimz^jkm$tix^^:s,viminzM.xmit ( j. 

Solid state Chem. ,133(199 
7), 3 14~3 2 lHtC$)oT. #tc:. 3 1 6K(w^ 

««oF I G. 2 ) . :^^m<r)m5<7)m!mm<7>-mb l 

i^t:W±-rtbmmiz. PH^^micoxnx-mmLfc 
MocvDsm^^mmzmi^Lx. m2<r>xmt:m. 
•h\izmmh^Wi^mfhtih, 
[0019] :$:^m<7)miRz/m2(r>xm^m^txm 
^^titz u y'{mmmmm±i>zii. m4 <^xmiz^ o . 
t^^tzmito ymmmm^^mif^ z b is^x-^ 

S , C iO^B^Btttom»=3: U yimmTm^BM'kTVfim b 

b tX . ^mmF^mLizRiftziXcD ( a > ~ < e > 
(a) ^lOXST-mU^ffllfgS^lUc. m2<7)XmX' 

i:i^iz^^^-^x^t u yfkiii^igffiJi 

( b ) 154 (DXmX'mmmb U 



V^^l^Bfii. TV K-r (undopeXOU WMS 

^B^Bii*»f>^s pmTU9 y-/\^m 
{c)'miTms^A<r)xnx'mmLtmocwD^^ 
wkmmLx. Htris ( b ) ^ztmc^T^-^ y -y vmizm 
-^^^xi^n^^^^tzmiUfo ■ ^ yj^M. ( g 

ax I ni-xN : O^XSl) *»^.=5rS n?Bf&3l6« 

(d) l^t<|SI-<^MOCVD«:^gS:figfflLT, Kf 

<^^) yimmi)-^h^j:h^^i}^t:,<^^ yiy^h. (In) 

(e) llt<|SI-<^M0CVDf£;R^M^<5EfflLr, Kf 

( d ) o^?6i5S±ji{cii^$-ii:riS{t^v:T>'K-rr 
$4>t-±S<0 ( a ) ~ ( e ) fc:ie«<^#S«gS2:ffli;c.fe 

X f^j'df i-^yi-mJi^it^s^^miito^m^B^B^^^ 

T L E D ^ ffifig-r 5 fc S . 
[0020] 

■t^wmt. mz. ^^s«oassr-«tcJ^-tcisa 
. ^(n^^mmzmx-h o yimmmmm^i>ti h 

[0021] ^wfi<r>m2(Dxmzwrt u ym?:^ti 

[002 2] 

tissfeMi (iP5iiiii^)^#«ia«fljUi{cjg^Uc 

ii^oMM*>'?> V y{tmmmt:mm-hm^m\^x . t 
-r^^miom i coxmiiJ^x/m2coxm^mi^m^zmBM 

[0023] ^immmxu. -wc^^^^^yyms 
{mm. (tt) ^^^mi^ ■ hy 

yi^X-^mn-^S^yWrnns SD74-89(19 
75-03) (197 5=^3^2 5 0) #!»§) S-fJfflU 

T, p?^ { 1 1 1 } -Si smi'Bms.<rmm±.t<z. m i 

cOX^i: t-CiSS*^^=6:SiSJi$-?^^L/i. Si^^^ 
««O^J43 5 0°CtC*H^LAc. iiS<7)fell{4, Hig 
■ftffli^ (BC I3) SrWIISgJSfct-r^^t^. BClati 

c laOiaKJio'ctcsi^t. -?-o^s:raf#-r^%7a 

mim:^X<n^\m^ 1 5 5 U U «y m 1 ) 

SL/i. t^, Bc i3<?^^s-iii#f 

±L. wm<nmk^mm-hmi<r>xm.t:^-TLx. m 



[00241 /NO^'^-^fflfig^U: 0-H , 9V^^ 

c^f^, MOCVDfi£«^(^tC^8'J •/ b/K 1 ) <7)m 
iMffl*3R;ifxS-aSiiLoo. S i ^sfe^H^^coaK^rS 

3&i4 5 O-CtfiML^^i^^-C', *^iK3M;<f;^^*X7 ^ 
>• (PH3) (Tym-^^m^Ltz. PH3 (iSSl 0 0%) 

(r>M\imf AO om\ {zm&vti, cinio. PH3 

$-fl^W4)-^tC UT*s>4 . 8% {^mz LXm 8 . 5 
hPa) ) S:#tfPH3J:H20S-^#H«SrtijajL^v:. 
^•Sfli. S i Mm^^<7)&m^4 5 0'Ci)^(> 10 5 0 

S i #i^H^BS«lOSS*n 0 5 0"CJcSt:^it 

mocvDmM^nnz^^w^Ltz. msL<7ms.ifA 

5 0 ^ o fvT^jitT-P H3 i7)M O C V D ^*n*l^<7) 

MOC VD^^*»^> y Wl:{?ftSS:*ltfcl!«lSM^« 
^BJf^tc J: "9 P«f i: ^ ^ . ffl^MMti U >-'fb 

i:B&i^^<?5*«; 1 6 n m— 1«> 1 8 n mT* 0 . ^^^DilV^ 

[0025] mzmmwmk u y 5r-^tf#ffl5\i*iT- y >- 
fliU^^. l?fc«ua^iiLry:^^l:«i!5^tgJi$:jg«t-s 

[00261 miJir>^mzi, 0 . IBlgfeMtCPHa fc Hj 

T'l 0 SO-Ctcfcl^^Tl 0:5i-ra{ci:OS«$r«»U. fft 

(r>7m'7t^-kmm.\^fzt^h. ^>smi:'^'>tzmw.oym. 

yi^ (p) t^^\^x\^h(r>mm.^tifii. ttz. 2»: 
^ ^yssi^mm ( s i m s ) m^^^i^it. mi 
1 7 n moiistsigoai$:s-|6)tc y L 



ti, iB^M^(c^ffiS<jfctgg$:6-I«G{c:tB&i^-tc:y>'$r 
[00271 ^/otc, 1^1. ^2. m3(^Xg$-igAU 

T?^^ Lfz y >'-fi:iiS*M»ii±t . MSisai^ y i^iso 
^€rCT{c Lx^¥^^<7)m4 eoxn^mwmzmmt 

[00281 ±iB^II3i7)ig-ei7)©ijag$r*feL^cfi. 

micoi^mmmm^-r. s i #^B^H««oaK$: 1 0 

5 ox:umLf:itiT. MOCVDB&:Rrrt-ey>"(b 
fflH^^^Ji 5r y >-fi:ii*^«s±{cmffifig«$ii7t . y 

h yx^ymS ( ( C2H5 ) 3 B ) com%i:mf¥^Lrz^ 

fm7iim/f:^bPH3timitX. MOCVD«:S*Fl^ 
{c8iEai$-lf:TJet£L;t. 2 5'Ccom^l,z^n^tLfz (C 
2H5) 3B5:f|?a$-^, -^<7)^^|Sif#-rS;j<^^^Xf 
;^c0gg4{i^4 5m 1 tL/::. PH3 (jftglOO 
%) <^SE»{±4ft»-4 3 0ml {CfS^tyt. ( C2H5 ) 3 
B<7)m^t:mW•t^yi<.mA'XRV^P H3 $r-^tf**^ 

t: a^m^zm. 0 LrsEii lt , y y^mmmm 
m^izry-p-y^pmcovyimmi^ikm^wt:, y 

WbfflB*^a«<7)JiJS{i*«74 2 0 n mX'h 0 . ^-r y T 
«S^{i*«)2x 1 0»9cm-3T'i5o^. *5|ajc7)iji^-ftia 

m^mmi:Ti&t-r^ztizm. nmi>mm^ti^\,^ 

[00 291 {m2mtm) ^2mmmx'ii. mi<D 
T.mizii\^xmm^^m^iSL±tzm^^'tfz<otm 

-^MOCVD^fig^g-C. m2. m3Rx/m4<r> 

x^sr=?T 9 %^^0!ic Lx . ^^m(y>ji^m^mmnzm. 

[00 301 SjE (B&±»,ff) SMOCVDMffl 

Bg^aSrfMLT. nj^ { 1 1 1 ) -S i 

Kai7)ag(i 4 5 0 'C CJi^t LZ-v: . USteMti , ( C 2 
Hi) 3B^mmUtLXmm.Lfz. (CtUf,) aBi^yic 
Sl^:^^T^i&^it^1kizmi^ Lt:. ( C 2 H5 ) 3 B 

mi25'cizimL. -?-o^^isa#-r-&%?affl*^^ 

xogSStifta- 1 0 S y y -y h;Km 1 ) (ci^L^^vT, 
4;t. ( C2 H5 ) 3 Bc7)^S-Bi#-rS^?affl*3g;ir>^ 
ii.m-12 y y 1 ) ojgil!ffl*^;5rx{:ii-^$ 

fiT 1- M o c vD^^^mzmi^ l^. 

( C2 H5 ) 3 B<7)^S:ii#t- s%^affl**>!rx<o*3g 

xm^m Lfz, mi (7)xmt:mT ttzm. s o^-miz 
so, m^m^m:^:^<^^^^Lmf. mocvd^ 
Lx\.^?>±m(ommm'^m\-^m\-r^ z 

[00311 mmm^imm^ittz<7)tm-cr> 



MOCVD{ife:Rr[*it:. m^l 2U-/h;P ( 1 ) comm 
H3 (m&l 0 0%) comMii^A 3 0m uzmn^L 
{%mz\.Xm3^. OhPaTo r r ) ^-^tfPHs 

tc'jySriis^-ti-T. i;y'fkJiSiSfifJS^?e«-r^iS2 

[ 0 0 3 2 ] ^1 # ^# , ±ie<OP H3 i: H2<0ii-&#ffl^ 

^fcS${tl.il«®iOaJp;±{iS^i:B&|al#cO*<j2 0 n 

-i^'x (Auger) ii^^)-^>^>{i. ^WJicO^Sfc 
»gWCB&-«tC, |472 0nm<^JiJ»COai$:6-lSl 

[0033] iiCt:. PH3 (fr«W*^^3. 5%) i: 
H20^-g-|?fflMrt-C^S»MH^a««oag^ 8 5 o*c 
tcfiij^ Loo . }LWr>m. 1 TbSI? 3 ^7)igSr^ L ^ctO 
f:l^-<0MOCVD)S:SjFl*JtC. (C2H5)3B<7)^ 

5 m 1 i: Lfc. ( Cz H5 ) 3 B<7)||5i,2r^f#-r-l>5&?affl 
P H3 i: ^-i-tf8B^*3g;<rxS: 1 2^iac 

mim^ Lxm^ tfz v y^mmmmm ^nm t l . 

mSi. ^IJbmmACOXUirm-'iOmS^^^ (MOC 

=5rU yimmi^^m^:t^mztt:i^-rtz^t^j:^fz. 
tfz. lg$r-«LT|pI-OMOCVD««^p^-Cff3 

iz. mmm^Mio yc^wnmi!}*i^^t^Simim>ii>tL 
[00341 (msmm) m^mm^<nimmM(r> 

•^c&iW± Lxm 1 coxm^:^T Lfz^k. m.-hiz V ym 

^m^^Lxm2<7)jim^mm-ri>m^i0Hzi,x. 
m<^^^^Mm)izmm-ti> . 

[00 35im2IISfeWwtiV^T, Wmm<r>MOCVD 

^^^p^^<7)m^^w±tx 0 yitmmmmm<Dm^^ 

<o*^T^3o^isi<^)iBiis^. ^sm&mxumrr 
(rPHaXrx^rSSiS-*. ?^2<r>j:miz^fitfz. ^<r> 

|g2IISfe^i:|SI-<0^fr-cm3:7bMm4c7)XSSr|g 



WL. 'jy'^mnWMm±.^zTyY-yxnm<r>')y^ 

^glHI^)f^^•:J'->-t^^-r^^< . y >-fl:llS^aii{4< 1 1 
i>^B^B:^r6itca-W(cE[6]Lrc {111} ^^nmt^h 
tchwmx'h-otz. tti. ^<r>jsm\m2mm{mi^ 

■^bmm-X'h^t:. 

[0036] y y{mmmmm(7)mmi±m s n 

mm^^m^-t?>mm t ^i^-^izm^ m^cr>^-!^(7)^ 

(im mmm. ^mtams^^i (saw 
5 3^4^100. (m mAmnmrrmimmi 
m) . 53Mmm) t7i(.mt(Di^'^izm?>»^^^<7) 

i'ri^tifz<r>i3mmt:m< ^^o-s ttm^tifz. 
[0037] (114 mmm ) :^^miz^h h y yimm 
mmmm/'j y^mmm^amt:^i.tzx.\^9^i^^)vm 
mmmm^h y wii«ia?mLE d s-w^-rsjs^srw:: 

[0 038] ll2(C*||4|li6MtC^I.LEDlBc7)^ 
M^0$:*-r. 03 I1205S^X-X' ici^o 

L E D 1 B<OBf®<0^^:^WtCS^-r . 
[0039] xe^^Jfi^^yl^Wil^fiifilsl A{4, n0 

{111} -S*#i^B^B««l 0 l±tC±fS<7)|g2^ 

0!Ii:PI«t:LTmt^y :^-fbai«ig«Ji 1 0 2m/n 

{ 11 1 } - y wms^b^bB 1 0 3 i: . mnm^y 
^mmm^BM 1 0 3±izm'r:^^tm 104. mmi± 
m 1 0 5&x/pmv y-ftmmm^Bm loet *>4>ffl^t 

3t. ^3t@l 0 4J4, nJgOS-fl:;<ry'>-£v • 

zIb^b (Gax I ni-xN) Mt^^m^Lfz. Ga, I iij-x 

NJlti. hy;^^;!^;*^^^^ ( (CH3)3Ga)/hU 

^i-fU^yi^^M, ( (CH3) 3 1 n) /ry^-T (N 

H3) /H2^3l^fJffltT8 5 0-C-CJ^«L^. * 

GaxIni-xN{4, nj^y WLiWiS^B« 1 0 3$: 

m^ttzMocvDn^^^m.t:mmtxm^L^. 

^( = 1-X){4, njgy WblB^ (BP) ^B^«l 
0 3«0*S$:^-r {111} - B P^H™3lSl:tC3SII 
f-S { 1 1 0} -BPfe^BMiOfSlPi ( = 3. 21k) \,Z 
-^Srri. aip|lK^1&?^afc^$ J: 0 {= 1 0%fc 
[0040] (CH3) aGaSt^ (CH3) 3 I n(^MO 
CYD^W:^PV^(D^t^^W±LXmmi 0 4cmm, 
2:^7 U^f^. 1 0 1 ^ 8 5 O-CtcffiJ^ Loo. N 
H3^PH3tCfl]0Sli.^. M=?tLT (C2H5)3B<r^ 

^X. ^3U1104$:?^fi£LA:MOCVD^:grrtfc:^ 



i^Lfz, 2 5 r:cr>mmz9li1^ L^c ( C 2 H5 ) 3 B^<7)^ 

iiLT. MJ5$:I1>1 5nmi:-ri.TVH-r<7)nJg!;>' 
04tc^-^$-<i:-CiSWc. Z<Dnm 
V >itWmmii^^ 10 4 *«B&-r-5 G ao . 9 0 I n 0. 
ioN*>^,<JD>f Vi/'^A (In) <'5»IS[^|56jt-t'&:C:«>«^ 
^^R&jJb« 1 0 5 LT^ttfc. 
[004 1 ] ^-Sm, -B. (C2H5) 3B<^^SrlSS 

T . p H3 i: Hi<7)M^nm^'pTmR 1 0 1 ^ 8 5 or 
1 0 5 ox:^#iaL7t:. a« 1 0 1 oiag*-' 105 
o°aciiML^:f*. (C2H5 ) 3B<Dm^imff-tt^ 

K-r-c'P i; yitmmi^^m 1 0 e $:?Kfig tfc . p 
mv >-(mmf^^Bm 1 0 e(r>mmim2 1 0 nmi: l 

0 6<O^A'UTiS-K{i*^2x 1 0^^ cm-^Th-yfz. 

1 A£7)^^*!j6 0 ox:mi§t^w, -e^o 

[00421 mmmmm A<7)mmt:^x-rr>mv yim 
mm^m i o 6to**aJt«, mm i o ejcitairf sni 

tC^- SiS (Au • Zn) -^^3&»/i>^^.:t-5-y^'«® 
S'lBSLTtAu • Zn/-./^;W (Ni ) /Au<7)3e 

m (pad) «li$r*iaS^a«lil07{i. ISS^J^J 

1 2 0/fmi:-rSR}^iO«fiit U/c. i/i. nJgS 

1 0 1 <7)mmc7m^mizii. mm^ lost 

LXTJl-^-^Jx (Al ) *»'c>^-g>:t-S-y^€SSrE 
10 6. 1 0 3Tfemt/ipn^^DH:^c7)LED 

iB^ffifiKL/c. pm&ifnmcoMJrcovyimmmi 

0 6. 103 t , MiS-C'cO^ih^itii: tT^^J 3 e 
V^^ri-|.7tA. 5Bli«l 0 4{Citf-|>i!'7-/H (c 1 
a d ) at LTW^StCfiJfflT't^. 
[0043] ^SmSi 1 0 7 1 0 8t<7)mz 

mi}\^l>z2 0 5 Ory^T (mA) c7)»f^«SS$:iigSEL 
^fc^-^. LEDlB*»^>«E:g«:|«j4 4 0nmi:-fSW 

its^ >yr ( c h i p ) «®t:-i^)5a^<±9 5 v^yfy 

(mcd) t^rO. JtlBtSSEcOLED 1 B*<iS«§it 
7t, nJ^J^l 04i:pJgyy-ft:ll§gJll 0 6 

i:OM^tt^ffi£^¥att{:S^X'&i«ig!)K*>'^P nit-^Sr 

flifi£L^A:i6. ammms. (fiu. )i:trisi«gs=2 om 



A) Sr^3Vi:L. 3!:^r6]«ff (fIL, it:^r(6]«siE= 1 
0 A ) $r 5 VJiLLt -rsaSf^MSSimS?: W-f ^ 0 y 

[0044 1 

i>fm&Mmzm. vy-fmmmmmt. vyitwm 
m.mm±iz . mmRi/ o ytrm^ymt-r^ o y^mm 
^m^Bmt ^m^-t^ y yitmmm^iifimcowkiTm 

2 5 0-CST,g7 5 0X:) tfiU^^^L^ifea^ 

^m^^^-r^micojimt. ^2(^ffl^T2 (fit. 

T, ^ Tj ^ 1 2 0 0°C ) -C\ 0 yi^i:i!ttsWm^lHX\ 

w^i:±i^t-r^imtzvy^^m^^i.m2(/)j:mt 

Lxm^-th z tt vrzcr)X\ mmmzmii> v y 

[00451 mfizm2<DiM<^. u ym^-tts^^w^ 

nx\ i^^BW^<r)xMMt:m2<:r)^imJL^zmmL. mi 

s.i/^m2<^xg^igi Lxm^Lti u y^mmmmm 
iz. m3(r>j:mb Lxmm^mLx v yitm^mmm 

mizhm^u^'^i>-miz^^^tztt/^x'^. mm 
t^iSTmm^j: V yimmj^¥mi^ikm(7)m^-ti, c 

[00461 tti, mi, 112. mSOXS^^ALT 

mmLfz V y^mmmmmi.iz , mmmRt/ v yw.com 
LT . y yitmm^m^Bm^^m^^'ithm 
4 coTm^-tttijmizji'^x. u v-ftiiM^iSiygs-j^ 
^-r-i. t . iii?tt<7)j> s u ymBSim^m&mi:m^-ri> 

[00471 tfz. m2, msm/mAcoum^. mi 

(Tmn^^mmx-no^ibb Ltzcox, mmm±tzmm 
iz V yimmim^mm ^mm-& ^z^^t^h h . 

±Lxmicn)iM^mT^'±hbnn\.z^ m2cDxm^ 
mikLx 0 yimmmmmt:m^-tt b . mm^mizm: 
ixi, 0 y{twmmmmt:m^x'^ . L\'^xitmmt,zm. 
ill. 0 yitwmmmAmi:m^•t^^zm^t:±^ft^tl 

[ 0 0 4 9 1 . :^%mizmi>^ 'J yimmmmmR 
X/ y yitmmmt^^ bim\>^x u ymimmmim 
"f^mm-i^b, mttipnis^'^^izmtii>^mm<n 
LED^mmx'^t. 

imi 1 ^i^^mcomsmmmiz^^ y y^mmm^Bm<7) 
xtsimm^^^^-y^^-trnxh^, 
[02 1 *fSBacomiiitMfc:^sLED(^T®ei^ 
x'hh. 



IB LED 

101 mmmt^^^m. 
10 2 yimmm^s 



10 3 n ?g U WOTSiSfaJi 

104 ^Tta 

105 gg^asSiiJi 

106 pj^uwbii^Mas 

1 0 7 Sffim^ 
108 SSSfig 



imi] 



m2} 




T B 



1 07 



s o. e* 4 0.0* 




1 06 



CUB] 



[ 



I fi 10 7. 

.1 0 6^ 



105 1 L 

1 A -~ 1 0 4A . 
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1 0 



1 0 1 



1 08 



F:J^-A(##) 5F041 AA40 CA04 CA34 CA65 CA73 

CA83 CA85 
5F045 AA04 AB15 ACOl AC09 ADOS 

BB12 CAIO CAll DA53 HA16 
5F052 JA05 JA07 KAOl KA05 



